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developments which since have been made in the design and 
use of electrical appa ra tus for oil-well drilling and pumping have 
been t r ied ou t and perfected first in the California fields before 
being adopted elsewhere. This has been due no t only to the 
field conditions encountered there, b u t also to the availabili ty 
of dependable central s ta t ion power service in all of the fields. 
Of the t remendous connected horsepower in the oil indust ry 
in the Uni ted States , it is unders tood t h a t only 7 per cent is 
electrical. I n California alone there is 1,500,000 hp . installed, 
of which only 15 per cent is electrical. This indicates the 
potent ial possibilities for electrification. (Α. I. Ε. E. Paper 
No. 31-128) 
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A N A L Y S I S of s ta tor resistance, wire size, horse­
power rat ing, and air-gap density as a function of the flux per 
pole per unit- length of laminat ion stacking, s ta tor slot shape 
and slot insulation, ro tor diameter , and flux densities in the 
s ta tor tee th and core, is given in this paper. 
The usual me thod of design is to begin with the rotor radius , 
flux per pole, and ampere-conductors per inch of rotor circum­
ference. The flux density in the air-gap is determined when 
the s ta tor- tooth densi ty and the rat io of slot pi tch and tooth 
wid th are set . The dep th of slot is determined by the ampere­
conductors per inch, and the cir. mils per ampere . The depth 
of s ta tor core and the s ta tor radius then are determined by 
set t ing the value of the flux density in the s ta tor core. The 
relations of the rotor and s ta to r radius, the width of slot and 
tooth, the dep th of slot and core, the flux per pole, and the flux 
densi ty, to each other and to the motor performance are qui te 
vague. Therefore, to determine their best proportions is difficult 
unless m a n y experimental d a t a are available. 
In this paper an a t t e m p t is made to determine the relation of 
these factors to each other , and to determine their proport ions 
for the best design. Briefly outlined, the analysis is presented 
as follows: T h e area of the s ta tor slot is developed as a function 
of the shape of the slot, and the area occupied by the slot insula­
tion. The effect of the slot insulation on the net area of the 
s ta tor slot is taken into account by using a corrected value for 
the s ta tor radius. The area of the wire used for s ta tor coils is 
developed as a function of the flux per pole. The s ta tor re­
sistance is expressed as a function of flux per pole, and slot 
shape. The rotor radius is determined by set t ing the rat io of 
the flux densities in the core and teeth . A sample calculation 
is made using this method of design for motors of from two to 
twelve poles. The maximum torque as a function of the flux 
densities and of the flux per pole is discussed. T h e effect of 
s ta tor resistance on maximum torque is calculated and shows 
tha t the flux per pole used should be very nearly t h a t for mini­
m u m sta tor resistance. Fifty-three equations are developed. 
(Α. I. Ε. Ε. Paper No. 31 M 7) 
A - C . Networks 
in Portland, Oregon 
By S. B. Clark 4 
E S S E N T I A L L Y the full text of this paper was pre­
sented on pp. 644-647, ELECTRICAL ENGINEERING , August , 1931. 
(Α. I. Ε. Ε. Paper No. 31 M 2) 
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E S S E N T I A L L Y the full text of this paper is pub­
lished on pp . 705-12, of this issue of ELECTRICAL ENGINEERING. 
(Α. I. Ε . Ε. Paper No. 31-130) 
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E S S E N T I A L L Y the full text of this paper is pub­
lished on pp . 713-18, of this issue of ELECTRICAL ENGINEERING. 
(Α. I. Ε. Ε. Paper No. 31-131) 
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^ ^ P E R A T I N G experience with tie-line load regu­
lators on the Pi t t sburgh, Pa . tie line interconnecting the Colfax 
Power Sta t ion of the Duquesne Light Company with the 
Springdale stat ion of the West Penn Power Company is described 
in this paper. Equ ipment used, including tie-line load regula­
tors, program load control, and a hydraulic speed changer also 
is described. 
The prime requirements of a successful tie-line load regulator 
a re t h a t i t mus t not respond to small t ransient load changes, 
b u t t h a t i t mus t respond to small sustained changes. Fur ther , 
i t mus t respond to large load changes whether temporary or 
sustained. 
The program loading equipment mentioned is installed a t the 
Colfax s ta t ion to mainta in the most economical division of load 
between the various generating units of t h a t part icular stat ion. 
T h e principle of dividing all load increments proportionally 
between uni ts in a s team stat ion does not necessarily make for 
max imum efficiency. I n the program equipment a t Colfax 
load scheduling is based on turbine valve position ra ther than 
on generator ou tpu t , thus maintaining each turbine a t its most 
efficient valve opening regardless of the effect of the many 
variables which enter into the position of the valve with reference 
to the load. 
The new hydraulic speed-changing device described is in­
tended to reduce to a minmum, wear on the governor par ts , 
and to offset the tendency for increased wear arising from the 
extremely frequent governor operation imposed by frequency 
control. 
As a result of tests made jointly by the Duquesne Light 
Company and the West Penn Power Company, the following 
conclusions are reached: 
1. T i e - l i n e l o a d r e g u l a t o r s a n d p r o g r a m load ing e q u i p m e n t h a v e been 
d e v e l o p e d t o a c o m m e r c i a l s t a g e . 
2. T i e - l i n e l o a d regu la tors o n o n e s y s t e m c a n b e o p e r a t e d sat i s factor i ly 
i n c o n j u n c t i o n w i t h f r e q u e n c y regu la tors o n a c o n n e c t e d s y s t e m . 
3 . T i e - l ine c o n t r o l m a y b e u s e d t o r e d u c e l o a d fluctuations b e t w e e n 
i n t e r c o n n e c t e d s y s t e m s . ( A . I . Ε . E . P a p e r N o . 3 1 - 1 2 7 ) 
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